BACKGROUND: As the population of older adults with cancer continues to grow, the most important factors contributing to their health-related quality of life (HRQOL) remain unclear. METHODS: A total of 1457 older adults (aged 65 years) with cancer participated in a telephone survey. Outcomes were measured using the Physical Component Summary (PCS) and Mental Component Summary (MCS) scores of the 12-Item Short Form Survey (SF-12) from the Medical Outcomes Study (version 2). Statistical techniques used to identify factors in 4 domains (physical, psychological, social, and spiritual) most strongly associated with HRQOL included linear models, recursive partitioning, and random forests. Models were developed in a training data set (920 respondents) and performance was assessed in a validation data set (537 respondents). RESULTS: Respondents were a median of 19 months from diagnosis, and 28.1% were receiving active treatment. The most relevant factors found to be associated with PCS were symptom severity, comorbidity scores, leisure-time physical activity, and having physical support needs. The most relevant factors for MCS were having emotional support needs, symptom severity score, and the number of financial hardship events. Results were consistent across modeling techniques. Symptoms found to be strongly associated with PCS included fatigue (adjusted proportion of summary score's variance KEYWORDS: cancer, comorbidities, financial hardship, health-related quality of life (HRQOL), older adults.
INTRODUCTION
As the American population grows, the number of older adults who develop and survive cancer will increase. Of the 15 million individuals living with cancer in the United States in 2016, 62% were aged 65 years. 1 Considerations of healthrelated quality of life (HRQOL) are paramount in older adults because they highly value functional and cognitive wellbeing, and the ability to perform the activities they enjoy. [2] [3] [4] [5] [6] Moreover, older adults with cancer are less willing to trade survival for current HRQOL compared with younger adults. 5 The physical HRQOL of older adults is poorer than that of adults of the same age without cancer, but their mental HRQOL is comparable. [7] [8] [9] Understanding the most important factors that contribute to improving or maintaining good HRQOL is fundamental to developing thoughtful and targeted interventions for this growing and vulnerable population. In the current study, we aimed to identify factors that have the strongest impact on HRQOL using data from surveys of older adults with cancer. The work was based on a conceptual model in which factors in 4 domains (physical, psychological, social, and spiritual) are hypothesized to affect HRQOL within the context of survivors' personal and disease characteristics (Fig. 1) . 10, 11 MATERIALS AND METHODS The current study was a cross-sectional analysis of data from surveys conducted from November 2013 to June 2015 among older adults with cancer. Respondents were identified from the University of Alabama at Birmingham (UAB) Health System Cancer Community Network of 12 hospitals in Alabama, Georgia, Tennessee, Mississippi, and Florida. 12 The institutional review boards of UAB and the other participating sites approved the study.
Study Population
Eligible participants included individuals aged 65 years who were diagnosed with cancer after January 1, 2008. Identified through hospital registries, these individuals participated in telephone surveys administered by trained interviewers from the UAB Recruitment and Retention Shared Facility. To ensure a diverse group of respondents, we oversampled patients who were members of a minority group, had severe disease, were within 1 year of diagnosis, and were treated at smaller cancer centers. Severe cancers included those with high mortality (ie, brain cancer, lung cancer, ovarian cancer, pancreatic cancer, acute leukemia, and head and neck cancer); cancers considered as not severe included breast cancer, prostate cancer, and colorectal cancer. Of the 5723 individuals we attempted to contact, 24% were deceased, 22% had disconnected telephones, and 54% were contacted. Of those contacted, 1460 (47%) completed the survey and 1457 were included in the current analysis.
Outcomes HRQOL was measured using the Physical Component Summary (PCS) and Mental Component Summary (MCS) scores of the 12-Item Short Form Survey (SF-12) from the Medical Outcomes Study (version 2). 13 Scores range from 0 to 100, with higher scores indicating better QOL. A score of 50 indicates HRQOL that is comparable to that of the general US adult population.
Factors Affecting HRQOL
For the psychological domain, we included a measure of emotional support needs. Support needs (emotional, physical, practical, information, social, and spiritual) were assessed using a modified version of the Medical Outcomes Study Social Support Survey (MOS-SSS), 14 to which we added items reflecting the needs of older adults, and added a question regarding whether that support item was needed. A second set of questions asked about the need to obtain additional medical or supportive care (eg, psychiatric or palliative care). Respondents were considered to have emotional support needs if they reported needing help with 5 MOS-SSS items (eg, needing someone to count on to listen when they needed to talk) or needing or seeing a psychiatrist, psychologist, or mental health worker (Fig. 1) .
A measure of leisure-time physical activity, as assessed using the Godin Leisure-Time Exercise Questionnaire, was included as an overlapping factor of the psychological and physical domains. 15 Results were summarized as 1 weighted score of physical activity of strenuous intensity (>24), moderate intensity (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) , and mild intensity (<14).
The physical domain included a symptom severity score and number of comorbidities (Fig. 1) . Symptom severity was assessed with 11 of the 13 items of the MD Anderson Symptom Inventory (MDASI) of The University of Texas MD Anderson Cancer Center. 16 Due to overlap with the SF-12 survey, we excluded 2 items asking about being distressed or feeling sad (all items were included in a sensitivity analysis). Severity scores ranged from 0 (indicating the symptom was not present within the previous week) to 10 (indicating the symptom was as bad as the respondent imagined it could be). Comorbidities were assessed using the Klabunde's adaptation of the Charlson comorbidity index from administrative claims for the period between 2012 and 2015. 17 The following social support needs were included in the social domain, although they overlapped with the physical domain: 1) Physical (5 MOS-SSS items [eg, needing someone to help if fatigued]); 2) Practical (6 MOS-SSS items [eg, needing someone to ensure respondents had their medicines, plus needing or seeing a social worker]); 3) Information (3 MOS-SSS items [eg, needing someone to help understand physicians' orders]); 4) Medical (4 MOS-SSS items [eg, needing someone to help recognize and manage health issues, plus needing home nurses, physical or occupational therapists for rehabilitation, or supportive or palliative care experts]); and 5) Social (needing family or friends to help, joining support groups, or seeing patient navigators). The social domain also included financial hardship and challenges in accessing care (Fig. 1) . Financial hardship, measured with 9 Work and Finances Inventory 18 items such as filing for bankruptcy or losing savings due to cancer, was the number of these items experienced during the previous 6 months. Challenges in accessing care were assessed with questions adapted from the Medical Expenditure Panel Survey 19 to determine whether respondents were unable to or were delayed in obtaining medical care, tests, treatments, or prescription medications within the previous 6 months. The spiritual domain included a measure of spiritual support needs indicating respondents who needed or talked with pastoral counselors (chaplains, ministers, priests, or rabbis) about their cancer.
Personal and disease characteristics included age, sex, race, marital status, body mass index (BMI), smoking, and socioeconomic status. BMI was calculated from self-reported height and weight. Smoking was assessed using questions from the Behavioral Risk Factors Surveillance System. We characterized respondents as current smokers or past/never-smokers (having smoked 100 cigarettes in their lifetime). Socioeconomic status was measured using self-reported education, retirement status, and whether income was enough to meet basic needs. Cancer characteristics (type and stage) were derived from hospital tumor registries. Respondents self-reported whether they were receiving active treatment at the time of the survey.
Statistical Analysis
Bivariate associations between the SF-12 PCS and MCS scores and HRQOL domain factors were assessed using the proportion of SF-12 score variance explained (adjusted R 2 ). This was estimated with general linear models for categorical factors and generalized additive models with smoothing splines for continuous factors. 20 We considered factors to be strongly associated with HRQOL if the adjusted R 2 was medium or large (0.13). 21 Using a random forest ensemble with 1000 conditional inference regression trees as base models, we determined how much the variance in SF-12 scores was explained by factors considered simultaneously, and what factors were more important. 22, 23 We then developed parsimonious models by fitting and comparing 3 linear models (LM) and a conditional inference regression tree model. The LMs included: 1) all factors (LM all factors); 2) factors selected in a stepwise manner using Bayesian information criterion (LM BIC) 24 ; and 3) factors selected using the least absolute shrinkage and selection operator (LASSO) approach with the shrinkage penalty estimated via cross-validation (LM LASSO). 24 The data set was randomly split into a training set (920 respondents), in which modeling was conducted, and a validation set (537 respondents), in which model performance was assessed. In the validation set, 95% confidence intervals for R Three data sets with imputed values for missing data were generated using the chained equations method with random forest. 25, 26 Missing data (1.9% overall) were mainly for 3 variables: 1) months since diagnosis (18% missing); 2) stage of disease (17.5% missing); and 3) comorbidities (8.4% missing). Analyses described above were repeated on each data set and modeling results were pooled using the method of Rubin. 25 Moreover, the association between the SF-12 scores and each MDASI symptom was estimated in the validation data set using generalized additive models with smoothing splines. Analyses were conducted using R statistical software (version 3.3.2; R Foundation for Statistical Computing, Vienna, Austria) and SAS statistical software (version 9.4; SAS Institute Inc, Cary, North Carolina).
RESULTS
Among 1457 respondents, the average SF-12 PCS score was 42.3 (standard deviation [SD], 10.7) and the average MCS score was 53.1 (SD, 9.6) ( Table 1) . Respondents were aged 65 to 99 years (mean age, 74.2 years [SD, 5.8 years]), 59.8% were female, 81.4% were white, and 16.6% were African American; the most prevalent cancer types were breast (23.7%) and prostate (13.0%). In comparison, the population from which respondents were recruited had a mean age of 74.2 years (SD, 7.3 years), 51% were female, 13.5% were African American, 17.7% were diagnosed with breast cancer, and 18.4% were diagnosed with prostate cancer; moreover, these individuals were more likely to have a comorbidity score of 2 (44.6% vs 39.5%) ( Table 2) .
Of the respondents, 62.9% had a spouse/partner, the average BMI was 27.1 kg/m 2 (SD, 5.1 kg/m 2 ), 6.3% were smokers, 62.2% had some college education, 83.8% were retired, and 10.8% reported incomes that were insufficient to cover basic needs (Table 1) . Moreover, 28.1% of respondents were receiving active treatment at the time of the survey. The number of months since diagnosis ranged from 2 to 149 (median, 19 months). Personal and disease characteristics were found to be weakly associated with SF-12 scores (all adjusted R 2 0.05) ( Table 1 ). The factors individually found to be strongly associated with the SF-12 PCS score were symptom severity (physical domain; adjusted R 2 5 0.34) and physical support needs (social domain; adjusted R 2 5 0.16) ( Table 2 ). The factors found to be strongly associated with SF-12 MCS scores were symptom severity (physical domain; adjusted R 2 5 0.32) and number of financial hardship events (social domain; adjusted R 2 5 0.15) ( Table 2) .
Statistical models explained relevant proportions of the variance in SF-12 scores and had comparable performance (Fig. 2) . The LM with all factors performed similarly to reduced models and the structure of the tree models was similar across imputed data sets, with minor variations noted for the SF-12 PCS score (see Supporting Information).
Results concerning the relative importance of each factor were found to be similar across different modeling approaches. Stepwise LM BIC and LM LASSO results obtained in the validation data set (Table 3 ) (see Supporting Information for training data results) demonstrated that the most relevant factors associated with SF-12 PCS scores were 1) symptom severity and comorbidity scores (physical domain); 2) physical activity score (psychological domain); and 3) physical support needs (social domain). The most relevant factors for SF-12 MCS scores were 1) emotional support needs (psychological domain); 2) symptom severity score (physical domain); and 3) number of financial hardship events (social domain) (Table 3) . These results concurred with the rankings of importance from the random forest ensembles (see Supporting Information). Fatigue, pain, disturbed sleep, and drowsiness were the symptoms found to be most strongly associated with SF-12 PCS scores (adjusted R 2 0.16) (Table 4) . Fatigue, problems remembering things, disturbed sleep, and lack of appetite were the symptoms found to be most strongly associated with SF-12 MCS scores (adjusted R 2 0.16) ( Table 4) . A sensitivity analysis with all 13 MDASI symptoms resulted in conclusions similar to those presented herein, with the exception of distress and sadness being the symptoms most strongly associated with the SF-12 MCS scores.
DISCUSSION
In this population of cancer survivors aged 65 years residing in the southeastern region of the United States, HRQOL was found to be similar to that reported for older cancer survivors in other areas of the United States. [7] [8] [9] Physical and social domain factors (ie, symptom severity, comorbidities, and support needs related to debilitated physical health) were the primary contributors negatively associated with the HRQOL physical component. However, leisure-time physical activity was found to be positively associated with HRQOL. Mental HRQOL also was found to be negatively associated with psychological, physical, and social domain factors such as the need for emotional support, symptom severity, and financial Mean symptom severity scores were computed based on the full data set (N 5 1457). The range was 0 to 10, with higher scores indicating a greater symptom burden. Adjusted R 2 and bootstrap 95% CIs were computed in the validation data set (n 5 537).
hardship events. Results were robust across statistical modeling strategies.
The results of the current study suggest that to improve the HRQOL of older cancer survivors, the approach to survivorship care should include the appropriate management of symptoms and comorbid conditions and the promotion of healthy lifestyles. Cancer or non-cancer-specific symptom burden has long been recognized as an important contributor to HRQOL. 27, 28 We purposefully considered symptoms that are not cancer specific but affect survivors across different cancer types in the long term. Pain, fatigue, or disturbed sleep are persistent after cancer treatment and, as also shown here, affect the physical and mental QOL of older adults with cancer. 27 Moreover, because respondents were surveyed at different times along the cancer journey, the results herein indicate that symptom assessment followed by appropriate supportive interventions is important in the lives of older survivors. A significant association between increased comorbidities and poorer HRQOL has been demonstrated in several previous studies. 4, 29, 30 Currently, to the best of our knowledge, only limited literature exists regarding the quality of care for comorbid conditions among cancer survivors, with such quality varying across cancer types and physician specialty. 31, 32 In the current study, HRQOL also was found to be compromised in those who expressed support needs related to debilitated physical health (eg, the need to have someone to help when fatigued). Song et al found similar results among survivors of prostate cancer who needed assistance with activities of daily living. 33 Clinical providers should be cognizant of indicators of limited support during and after cancer treatment, and assess and investigate them at routine visits. One important and available tool with which to improve HRQOL is physical activity. Although the beneficial effects of this healthy behavior have been known, 34 its promotion from medical providers remains less than optimal among survivors. 35, 36 Designing physical activity interventions tailored to the capabilities and needs of older adults with cancer is warranted.
The contribution of financial hardship to mental HRQOL was somewhat unexpected. Financial and economic hardships usually have been found to be less concerning for older adults. 37, 38 Previous studies have shown an association between economic and financial toxicity and physical and mental HRQOL in younger survivors with cancer. [39] [40] [41] Recently Kale et al reported the association between financial hardship and psychological distress and depressed mood. 39 In keeping with this literature, the results of the current study highlight the importance of this hardship among older survivors: this was second to symptoms and was found to have a stronger association with mental HRQOL than emotional needs. These findings may be somewhat unique to the current study population, which was recruited from some of the poorest US states. Compared with survivors from richer states, these individuals may be more likely to be affected by economic challenges. Nonetheless, further understanding of the financial challenges faced by older cancer survivors is warranted.
The statistical analysis approach in the current study used different modeling approaches to avoid conclusions dependent on the mechanisms of any particular approach. 42 All models identified the same factors as those most relevant for HRQOL, and model validation and inference were conducted in a validation data set to avoid bias from inference after a data-based predictor selection in the same data set. 43 Therefore, we expect that these results will be reproducible in this population.
The current study has limitations to consider. First, we were unable to reach conclusions regarding causal effects because of the cross-sectional study design. Second, the current study respondents represent a highly educated population, and may have better HRQOL and be better able to spend time on the telephone with the interviewer compared with nonrespondents. Therefore, the results of the current study may not be generalizable to all older adults with cancer in the United States or those residing in the states in which we recruited respondents. It is unclear how the sample composition in the current study may affect the identification of factors most likely to impact HRQOL. Third, only those factors that were available in our surveys were considered in the current analysis; other factors also affect HRQOL. In particular, we had a limited number of factors in the psychological and spiritual domains.
In the current large survey of older individuals in the southeastern United States who were diagnosed with different cancer types, we discovered several potential avenues with which to improve HRQOL. The results of the current study support the importance of quality comorbidity and supportive care, and of leisure-time physical activity interventions to address persistent symptoms such as pain, fatigue, and disturbed sleep. Moreover, the results presented herein emphasize the need to address financial challenges that older cancer patients and survivors face. Overall, the results of the current study highlight the importance of a long-term comprehensive approach to managing the well-being of older adults with cancer.
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